The influence of pyrimidine derivatives on the corrosion inhibition of mild steel in 1 M H 2 SO 4 was studied using weight loss and electrochemical techniques. These compounds act as good corrosion inhibitors even at low concentration and the inhibition efficiency increased with the increase in inhibition concentration. The corrosion rates have been determined at various temperatures (303-333K) by weight loss measurements. The R t values obtained from EIS method increased with increase in inhibitor concentration. The potentiostatic polarization results clearly revealed that the inhibitors behave as a mixed type but slightly anodic in nature. The adsorption process was found to obey the Langmuir adsorption isotherm. The synergistic effect of halide ion on the inhibition efficiency increase with increase concentration.
Introduction
The use of inhibitors is the most practical method of protection against corrosion, especially in acidic solutions. Their addition is necessary to secure the attack of metal from corrosive media used for chemical cleaning and pickling to remove mill scales (oxide scales) from the metallic surface [1] [2] [3] [4] [5] [6] . Also inhibitors should be effective even under severe conditions in concentrated acid (1 M) and temperatures ranging from 313, 323 and 333K 7 .
The development of corrosion inhibitors based on organic compounds has much scope in several industries because of their practical use. The molecular structure of organic compounds used as inhibitors has been found to exert a major influence on the extent of inhibition of corrosion. Inhibitors are used in industrial process to minimize both the metal loss and acid consumption.
The corrosion inhibition of metal may involve either physisorption or chemisorption of the inhibitors to the metal surface and subsequent interference with either cathodic or anodic or both reactions occurring at the adsorption sites. The electrostatic attraction between the charged hydrophilic groups and the charged active centers on the metal surface leads to physisorption. The existing data show that most organic inhibitors adsorb on the metal surface and forming a compact barrier film 8 .
Moreover, many N-heterocyclic compounds have been proved to be effective inhibitors for the corrosion of metals and alloys in aqueous media. The influence of organic compounds containing nitrogen on the corrosion of steel in acidic solutions has been investigated by several authors 9, 10 .
Experimental
Mild steel electrode having composition 0.084% C, 0.369% Mn, 0.129% Si, 0.025% P, 0.027% S, 0.022% Cr, 0.011% Mo, 0.013% Ni and the reminder iron were used. For weight loss and gasometric measurements, cold rolled mild steel rectangular specimens of size 5 cm × 2 cm × 0.05 cm were used in this investigation.
For electrochemical methods, a mild steel rod of same composition with an exposed area of 0.785 cm 2 was used. The electrodes were polished with 1/0, 2/0, 3/0 and 4/0 grades of emery sheets and degreased with trichloroethylene. All the chemicals used were of AR grade. The compounds have been synthesized in two steps. 4, 6-diaryl-tetrahydropyrimidine-2-thiones were synthesized according to the reported procedure 11 . Table 1 shows the molecular structure of the investigated compounds. 
Inhibition Studies

Gravimetric measurements
The specimens were polished successively with various grades of emery sheets, degreased with trichloroethylene and dried. Double distilled water and AR grade H 2 SO 4 were used for preparing solutions. The specimens in triplicate were immersed in 1 M acid solutions containing various concentrations of the inhibitor for three hours at 30±1 °C. The specimens were removed washed with water and dried. The mass of the specimens before and after immersion was determined using an analytical balance accurate to 0.1 mg. The average mass loss of the three replicate measurements was calculated.
To study the effect of temperature, the weight loss experiments were carried out at various higher temperatures viz 40, 50, 60 °C with the inhibitor concentration of 0.1 m M. The following parameters were calculated from the mass loss data.
Gasometry
Polished and degreased mild steel specimens were suspended from a hook on a glass stopper and introduced into the gasometric cell containing 200 mL of the acid. From the volume of the gas collected in the absence and presence of the inhibitor, the inhibition efficiencies were calculated.
Electrochemical impedance method
Impedance measurements were carried out at the open circuit potential using the potentiostat (Solartron 1280B). In the conventional three-electrode assembly, a platinum foil auxiliary electrode and a saturated calomel electrode were used. The test specimen was used as working electrode. After immersion of the specimen prior to the impedance measurement, a stabilization period of 30 minutes was observed, for the E oc to attain a stable value. The ac frequency range extended from 10KHZ to 0.01HZ, a 10mv peak-to-peak sine wave being the excitation signal. The real part Z' and imaginary part Z" of the impedance were measured at various frequencies. A plot of Z' vs. Z" was made and from these Nyquist plots, the charge transfer resistance R t and double layer capacitance C dl were obtained with a PC 'Z-view' soft ware. The measurements were carried out for mild steel in 1M H 2 SO 4 and 1M HCl without and with inhibitors for the selected concentrations and the IE was calculated using the formula R t(inh) -R t(blank) Inhibition efficiency (%) = R t(inh) X 100 R t (inh) = Charge transfer resistance in the presence of inhibitor. R t (blank) = Charge transfer resistance in the absence of inhibitor.
Tafel polarization measurements
The same equipment was used, as for the impedance measurements with the same cell set up. Measurements were carried out at a potential range of -200 mv to +200 mv with respect to open circuit potential at a sweep rate of 1 mv/sec. Potentials are reported versus that of the SCE. The log of current and the potential were fed to the plotter and a potential E vs log I plot was obtained. The linear Tafel segments of the anodic and cathodic curves were extrapolated to corrosion potential to obtain corrosion current densities I corr . Tafel slopes were obtained using corr. view soft ware. The inhibition efficiency was evaluated from the measured I corr values using the relationship, I corr(blank) -I corr(inh) Inhibition efficiency (%) = I corr(blank) X 100
Where I corr(blank) , I corr(inh) are the corrosion current values without and with the addition of various concentration of inhibitor.
Results and Discussion
Weight loss studies Table 2 and depicted in Figure 1 . It is clear that the inhibition efficiency increases with increase in concentration. This behavior is attributed to the increase of the surface coverage θ due to adsorption of the inhibitor on the metal surface in the aggressive solution, which restricts the dissolution reaction. It is also evident that the inhibition efficiency increases in the order THPT2 > THPT3 > THPT1 i.e. THPT2 with an additional phenyl ring at position 6 displayed maximum activity both at lower concentration (0.02 m M) and at higher concentration (0.1 m M) tested. This can be explained by assuming that the adsorption occurs with the entire molecule in flat orientation on the metal surface. In this planar adsorption the molecules get physically adsorbed through electrostatic interaction between positively charged metal surface and the lone pair of electrons on N & S and also π electrons of the aromatic ring. The greater inhibitive power of THPT2 may therefore be attributed to more π electrons in the molecules because of the presence of an extra phenyl group in the compound.
Effect of temperature
The dissolution of metal and hence corrosion rate increases with rise in temperature (30-60 ˚C) both in the presence and absence of inhibitor Table 3 . The inhibition efficiency falls with increases in temperature in all the cases indicating physical adsorption. The activation energies were calculated from the slopes of Arrhenius plots Figure 2 for uninhibited and inhibited systems. It is apparent from the values of E a Table 4 that the activation energy is higher in the presence of inhibitor. This is because the organic compounds have reaction centres that can block the active sites for corrosion, resulting in increased activation energy. 
Application of adsorption isotherm
The values of surface coverage θ have been calculated using weight loss data for different concentrations of the inhibitors. Figure 3 shows plot of C/θ vs C of the inhibitors. Linearity of these curves confirms that the adsorption is of the Langmuir type. 
Polarisation studies
Various corrosion kinetic parameters such as corrosion current (I corr ), corrosion potential (E corr ), anodic and cathodic Tafel slopes b a and b c derived from polarization curves Figure 4 are given in Table 5 . Values of corrosion current decrease in the presence of inhibitors. Maximum reduction in current occurs in the presence of THPT2 showing its higher inhibition efficiency. E corr value are shifted slightly to more negative values in the presence of THPT1.But slightly less negative values in the presence of THPT2 & THPT3. THPT2 & THPT3 affect b a to a greater extent compared to b c therefore these two compounds behave as predominantly anodic while THPT1 is mixed type and affect both cathodic hydrogen evolution and anodic metal dissolution reaction. Impedance diagrams obtained for mild steel in 1 M H 2 SO 4 in the presence and absence of the compounds under study are shown in Figure 5 . Impedance diagrams are semicircular in appearance which indicates that the corrosion of mild steel is controlled by a charge transfer process. The Impedance parameters such as R t , C dl are derived from Nyquist plots and are given in Table 6 . 
Impedance studies
The presence of all the three compounds enhances the value of R t . the values of double layer capacitance are also brought down in the presence of inhibitors. The decrease in C dl may be due to the adsorption of these compounds on the metal surface leading to the formation of a film. 
Gasometry
The inhibition efficiencies of the compounds have been calculated by gasometric method by measuring the volume of hydrogen gas evolved, over a period of one hour and the results are shown in Table 7 . Increasing the concentration of additives decreased the volume of hydrogen evolved which indicates that the presence of inhibitors reduced the corrosion of mild steel. 
Synergistic effect of halide ions
In the actual practical application of corrosion inhibitors, single compounds are rarely used, rather formulations of two or more inhibitors are usually employed 12 . The inhibition efficiency of organic compounds in sulphuric acid solutions has been reported to synergistically increase on addition of halide salts to the solution 13 .
In the present study the synergistic inhibition of halide ions and two pyrimidine derivatives (THPT1 & THPT2) have been studied by weight loss method and the data are presented in Table 8 . It is evident that addition of halides (1 m M) to the inhibitors increases the inhibition at each of the concentrations of the inhibitor tested.
The increase in inhibition efficiency shows that the mechanism of synergistic action is due to the co adsorption of halides and the inhibitor. The strong chemisorption of halide ions on mild steel surface makes the iron surface into a negatively charged one. Organic compounds containing nitrogen in aqueous acidic solutions may exist as either neutral molecules or in the form of cations. The positively charged protonated cations may then be adsorbed by coulombic attraction on the metal surface where halide ions are already adsorbed. This leads to more surface coverage and hence greater inhibition. Similar explanation has been proposed by Warraky et al. for the synergistic inhibition of benzotriazole or thiourea and iodide ion on the corrosion of Al-bronze 14 . The order of synergism of halide ions with the pyrimidines has been found to be,
The reason for better synergism with iodide ion is due to the large size and ease of polarizability of I -ion which facilitates chemisorptions on the iron surface.
Effect of cations on the inhibition efficiency of pyrimidines
It has been reported that addition of metal ions such as Zn 2+ , Ni 2+ etc to organic compounds containing N and S leads to synergistic inhibition performance. The metal ions form stable complexes with the inhibitor on the mild steel surface and there by enhancing the surface coverage and inhibition. and pimeloyl-1, 5-dihydroxamic acid on carbon steel surface. It has also been reported that magnesium has no effect on the inhibitor efficiency as its complex has low stability constant 15 . In the present study contradictory results were obtained in that the Mg 2+ complex of THPT2 shows higher inhibition efficiency (99.41%) indicating the greater stability of the complex. Table 9 . Effect of metal ions on the inhibition efficiency of THPT1 and THPT2 by weight loss method at 30±1 °C.
Inhibition concentration: 1 m M
Conclusions
The inhibitive effect of pyrimidine derivatives on the corrosion of mild steel in 1 M H 2 SO 4 was carried out by weight loss, gasometric, electrochemical methods. The synthesized compounds were effective inhibitors because of the presence of hetero atoms (N) and -SH groups that can cause effective adsorption process leading to the formation of an insoluble protective surface film which suppress the metal dissolution reaction. For the inhibitors tested, the inhibition efficiency increases with increase in inhibitor concentration.The adsorption of inhibitor on the mild steel surface obeys Langmuir adsorption isotherm. The efficiency decreases with rise in temperature. The Tafel slopes obtained from potentiodynamic polarization curves indicate that all the inhibitors behave predominantly as anodic type in 1 M H 2 SO 4 and the inhibitor concentration causes a positive shift in corrosion potential. 
